Abstract Aim s. To describe A IDS and malaria geography in Brazil, highlighting the role of injectin g drug users (IDU s) in m alaria outbreaks occurring in m alaria
Introduction
Due to unsafe injecting practices and dispossessed living conditions, injecting drug users (IDUs) are frequently affected by many different infectious diseases. Besides those most frequently studied, e.g. HIV/AIDS and hepatitis, 1 concern is currently growing with respect to other emerging and re-emerging infectious diseases prevalent among ID Us, 2 including tetanus, 3 visceral leishmaniasis 4 and m alaria. This is particularly the case in countries such as Brazil, where the size and diversity of the country, as well as poverty, social inequality and unequal developm ent (including industrialization and urbanization) have produced a complex epidem iological transition, with the simultaneous occurrence of high rates of`modern' diseases (e.g. HIV, cancer, heart disease) 6 and`traditional' tropical diseases (e.g. m alaria, leishmaniasis, Chagas' disease), 7 in addition to high levels of mortality secondary to violence and consumption of psychoactive drugs. 8 In the present paper we review data from a number of different sources, including geographical/ecological analyses of the AIDS epidemic 9± 14 as well as individual and multi-centre ® eld studies on IDUs, 15± 17 on: (a) recent trends in the HIV/AID S epidemic, with particular reference to IDUs; (b) m alaria distribution and occurrence in Brazil, including recent outbreaks of secondary malaria in IDUs in the industrialized southeast of the country, through the sharing of injecting equipment; (c) the risk of double infection with HIV-1 and malaria through the sharing of needles and syringes, and possible scenarios for diffusion of malaria and HIV-1 co-infection through networks of ID Us in Brazil; and (d) the possible (re)em ergence of resistant m alaria strains among ID Us. The main purpose of the present paper is to draw attention to the existence and implications of a potentially serious em erging public health challenge, namely the transmission of m alaria infection among ID Us via sharing of injection drug equipment, and co-infection with malaria and HIV in ID Us. Some implications of the tendencies discussed below for prevention and treatm ent strategies to be developed among ID Us. Their networks are also explored.
M ethods
The present paper includes a review of published papers on m alaria infection in Brazil, mainly concerning the spatial distribution of the disease, as well as epidem iological and socio-dem ographic studies. Analyses of AIDS geography in Brazil presented here review both form er analyses perform ed by the authors as well as presenting new analyses and an original map on AIDS and malaria geography in Brazil. We reviewed standard m edical and social science databases (e.g. Medline), as well as additional databases targeting literature available only in Portuguese or Spanish (e.g. Lilacs). Abstract books and/or electronic databases (CDROMs) from recent major conferences (e.g. 12th International Conference on AIDS; 9th International Conference on the Reduction of Drug Related Harm) were examined thoroughly. The available international and regional major conferences proceedings on tropical medicine and related areas highlighting malaria in South Am erica were also assessed.
Analyses were carried out using data from the National Division of STD/AIDS (Brazilian M inistry of Health) and the Brazilian Institute of Geography and Statistics (FIBGE), which were m erged and geo-referenced using the spatial coordinates of the cities included in the worksheet. The major Brazilian highways were digitalized by the authors, using a digitizer table and geoprocessing software (M apinfo 4.0). 16 and Salvador, Bahia (North-East Brazil) 24 suffered from m ultiple co-infections together with HIV infections, including viral hepatitis (HBV, HCV and hepatitis G virusÐ HGV/GBV-C), other retroviral infections (HTLV-I/II) and tuberculosis. The extent to which ID Us are a mobile population has becom e clear from research conducted in response to AIDS. 25± 27 In Brazil, studies carried out on ID Us 28 show a pattern of recurrent movement among different settings, including Rio de Janeiro, Santos and cities situated on the borders of Brazil with coca/cocaine-producing countries, e.g. in the state of Mato Grosso (centre-west). Evidence suggests that IDUs are an extremely important factor in the spread of the HIV epidemic in Brazil, both in terms of forming a bridge between the ID U population and the general population through heterosexual transmission and in terms of geographical spread of the epidemic. 10, 13, 29 Ecological evidence indicates that the HIV epidem ic in Brazil has proceeded in waves, spreading outwards from large to medium-sized and small cities, the ® rst wave being com posed of gay men and/or IDUs, and shortly afterwards a wave of heterosexuals (non-IDUs), principally women.
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The social geography of malaria in contem porary Brazil Prim ary malaria infection in contem porary Brazil is largely restricted to the north and centre-west regions of the country, although other spots of prim ary foci occur in states of the north-east region of the country such as Bahia. 30 Despite intensive malaria eradication programmes in the 1970s the main malaria foci, which are situated in and around the Amazon rain forest, rem ain active and have even broadened their limits, with increases in the number of new infections registered in recent years. 31, 32 Figure 1 indicates the m ain m alaria endem ic region (shaded area). Prim ary foci of m alaria are concentrated in the southern Amazon region, where intensive ecological and demographic changes are currently taking place, due in part to large m ovem ents of m igrants towards gold m ining activities. 33 Demographic analyses indicate that during the 1980s and early 1990s the traditional Brazilian internal migration trendÐ from the north-east to the large cities of Sa Ä o Paulo and Rio de Janeiro in the south-eastÐ was largely surpassed by new m igration streams from the south of the country towards the new expansion frontiers in the north and centre-west. This seem s to be due to the econom ic crisis in the industrialized south-east during the 1980s, as well as to the opening up of alternative opportunities in mining and agroindustrial settlements far from the traditional developed centres. 34 As an example of this, one of the states situated in the Amazon forestÐ RondoniaÐ doubled its population between 1981 and 1985 (from 491 000 to 1 040 000 inhabitants). The population increases in these`new' migration regions have occurred selectively, in the sense that they have involved primarily migration of young males to mining and ranching settlements. Most migrants have temporary (seasonal) employment, and thus a permanent social infrastructure in these areas is a rare phenomenon, with a substantial part of this population remaining socially and spatially mobile.
Several studies have shown very high levels of m alaria infection in Amazonian migration areas. 31, 33 These economic expansion frontiers line mosquito) feeding habits (from animals to humans), as well as increasing the mosquito population by eliminating its natural enemies. 35 concentrate dem ographic, environm ental and cultural risk factors for malaria. First, deforestation promotes both a shift in vector (anophe- Secondly, these migrants in Brazil are selectively poor, with low schooling levels, and tend to live in remote, tem porary shelters in areas with poor sanitation 30 and frequent lack of access to health care. 32, 36 In recent years a very high geographical turnover of Brazilian migrants has been observed, with circular contact between frontier migrants and their places of origin. This poses a threat to areas where m alaria has been eradicated or brought under control. 32 In some malaria-free areas potential vectors rem ain, with concomitant risk of resum ption of the original malaria transmission cycle. In addition to prim ary m alaria transmission in areas where endemic vector populations still exist the disease can also be transmitted parenterally. For example, in Rio de Janeiro state (southeastern region), autochthonous cases of m alaria have not been observed for several decades. On the other hand, exogenous cases of malaria continue to occur, principally in males (92%) of young age (almost entirely in the age group 20± 39 years), m ore than 50% of whom are exgold miners and more than 80% of whom come from areas where m alaria is endemic (the Amazon region and parts of the centre-west). Since the disease is rare in Rio de Janeiro diagnosis is often delayed, leading to an increased transmission potential from the infected person as well as to higher m orbidity and som etimes even death. 37 In May 1997 three cases of Plasm odium vivax malaria were detected in Rio de Janeiro state. None of the three had been to a malaria-endemic area, none were ID Us and all three were infected in Itaipuac Ë u (a semi-rural, peri-urban, coastal area), where small foci of the m osquito vector (Anopheles) still exist. It took m ore than 1 m onth for the disease to be diagnosed correctly in these people. 37 While parenteral transmission of malaria via infected blood or blood products appears to be rare nowadays, 38 of great concern are indications of the potential for secondary parenteral transm ission of malaria in Brazil through the sharing of drug-injecting equipment. Transmission of m alaria infectious agents through needle and syringe sharing was ® rst observed in Egypt, 39 and thereafter in US states such as Illinois 40 and C alifornia. 41 There is also evidence that the m ixing of quinine with heroin, observed comm only, in the contemporary drug scene, 42 was ® rst introduced by C hicago drug dealers in the 1940s in order to halt an outbreak of malaria among ID Us that took place in the winter. 40 Two outbreaks of secondary m alaria have been documented recently among IDUs in Sa Ä o Paulo state 43± 45 (Table 1 and Fig. 1 ), where prim ary transmission by mosquitoes has not taken place since the end of the 1960s except for small foci situated in the rem nants of the Atlantic tropical forest. 46 These two outbreaks occurred in cities that connect Sa Ä o Paulo state with the centre-west (Presidente Prudente) and the northern regions (Bauru) through highways and railways (detail of Figure 1 ). These cases were due to secondary parenteral transmission, since the mosquito vector is not found in these areas, and the cases of m alaria identi® ed were without exception in people who reported recent syringe/ needle-sharing. When questioned about their exposure, several infected people reported having injected drugs with`a guy returning from the North/Centre-west' . 43± 45 These outbreaks demonstrate the potential for the parenteral spread of malaria via the sharing of drug injection equipment, and suggest that ID Us could act as a bridge in an eventual reurbanization of malaria in Brazil. In this context, the documented high m obility of ID Us (see above), in conjunction with the fact that they tend to be poor, have many infections, are frequently immunosuppressed and tend not to have access to adequate health services, suggests that malaria infection may, in many cases, pass unnoticed in IDUs thus increasing the risk of transmission from this population. Urban transmission of malaria in Brazil by IDU s returning/ undergoing circular contact from /with m alaria foci areas in the Amazon forest and the centrewest and/or by migrants between m igration frontiers and their places of origin is thus a serious concern.
As shown in the detail of Figure 1 , the m alaria outbreaks in Sa Ä o Paulo state occurred precisely in`bridging areas' , connecting`modern' urban Brazil (with high rates of ID Us), and`old' Brazil (with few drug users, but high rates of malaria). In addition, ID Us and m igrants have similar socio-dem ographic characteristics, in the sense that both populations tend to be poor, male and young. Thus, taking the available data together from an ecological perspective, it seem s likely that ID Us and migrants could have social networks in comm on, as seem s to be the case in the aforementioned outbreaks. These social networks could link frontier migrants in circular contact between malaria-free south-east regions of the country and areas of malaria foci in the Amazon forest and the centre-west, and ID Us moving along the routes of cocaine traf® cking through the centre-west/south-east axis of the country (see above).
H IV/m alaria co-infection in IDU s
In the two secondary malaria outbreaks in Sa Ä o Paulo detailed above, 83% (Presidente Prudente) and 58% (Bauru) of the ID Us with malaria were also infected with HIV (Table 1) . These outbreaks therefore dem onstrate the potential for malaria-HIV co-infection in ID Us in Brazil.
Further, as noted above, the AIDS epidemic in Brazil has spread toward the north and centrewest macro-regionsÐ important sites of primary malaria fociÐ and very recently a ® rst case of AIDS was detected in a native Brazilian tribe, located far from any town or village (in the Amazon forest border with Suriname) in a region where malaria is endemic. 47 M ost studies of co-infection with HIV and malaria have been carried out in the subSaharan region of Africa, where both infections are very prevalent. Drug injection has not in general been a comm on behaviour in this region so far, although recent reports 48 point to a mutable scene of drug use in those countries, with a putative epidemiological impact in the foreseeable future. The clinical relationship between the two infections remains controversial and a clear synergy, as in the case of tuberculosis/HIV coinfection, 49 has not been observed although som e authors point to higher recrudescence rates of P. falciparum and a longer fever clearance tim e among AID S patients, 50 as well as reduced hum oral responses to m alaria 51 and poorer clinical prognosis, 52 especially in advanced AID S cases.
Bloland et al. 53 describe an enhanced effect of both infections (HIV-1 and P. falciparum) on perinatal transmission of m alaria, with increased post-neonatal m ortality. This latter interaction seem s to be the only consistent one in a recent review, 54 although new studies em ploying HIV-1 RNA viral load measurem ents instead of CD 4 counts may throw new light on this question.
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D iscussion Prospects for co-infection of H IV and m alaria am ong ID Us, and for the emergence of resistant strains of m alaria
Two key variables are correlated with the increase in the spread of malaria infection and the dif® culties now frequently encountered both in prophylaxis and treatment of m alaria in Brazil and elsewhere, namely delay in seeking treatm ent and the increasing prevalence of resistant m alaria infections. First described in Brazil in 1910 by Neiva 56 following the appearance of resistance of one malaria agentÐ P. falciparum Ð to quinine, malaria resistance to several prophylactic and treatment regimens is now reported world-wide. 57 In addition, two essential factors in the development and spread of resistant strains of infectious agents are: (a) lack of speci® c immunity and/or decrease in non-speci® c immunity, both vital elem ents for the rem oval of the small fraction of parasites that remain in the blood stream after drug action; 57 and (b) non-compliance of patients with treatment regimens. The m ain consequence of these factors is the interaction of apparently healthy carriers with the com munity (both discharged inpatients and outpatients under erratic therapeutic regimens), usually selectively infected with strains that resisted the incomplete treatment regim ens. 58 Frequently ill from several different infectious conditions, including fever due to AIDS, non-AIDS HIV-related conditions, tuberculosis, phlebitis or cutaneous abscesses, and probably unaware of the possibility of malarial infection (originating as they do mainly from non-malarigenic areas), many IDUs may lack the capacity to recognize the fever and malaise induced by malarial infection as a distinct entity, and so may not seek prompt treatm ent. ID Us in Brazil 20, 21 and elsewhere 59 are disproportionately located among the poorest strata of society, and have low general levels of health and immunity, even in the absence of HIV infection. 16, 22, 23 Thus, IDUs potentially concentrate the factors involved in the em ergence and spread of resistant strains: treatment delay increases the reproductive rate of the pathogen as a consequence of non-elim ination of gametocytaemia from carriers; immunosuppression, varying levels of which are commonly found in ID Us, m ay decrease the ef® ciency of removal of the fraction of parasites that remain in the bloodstream after drug action; furthermore, for various reasons such as social stigmatization/prejudice, inadequacy and insensitivity of medical personnel, poverty and homelessness, ID Us frequently do not comply with prophylactic and therapeutic regim ens, and could thus be infected with strains that resist such incomplete regimens. 60 It is worth noting here that the standard suppressive (prophylactic) regimen with chloroquine phosphate m ust be continued for 6 weeks after potential exposure and that some resistant strains of P. falciparum must be treated with quinine, 57 a potent but rather toxic drug with unpleasant side-effects. The above factors have been reported among IDUs in the case of other co-infections, e.g. tuberculosis, 60 and will probably be involved in the cases of HIV-infected IDUs migrating to and from malarigenic areas. Importantly, noncompliance with treatm ent regimens was an important factor in the spread of resistant strains of tuberculosis in the United States, 61, 62 and was directly observed by Barata et al. 45 in the outbreak of malaria among IDU s described above in Sa Ä o Paulo State.
Implications for prevention and treatment
Taken together, the data discussed in this paper indicate the potential for infection of IDUs with m alaria and the consequent parenteral spread of this infection through sharing of drug-injecting equipm ent. Given that pockets of m alaria vectors still exist in some urban areas in Brazil, the potential for a resurgence of primary malaria transmission also exists. Given the very high levels of HIV infection documented in ID Us in Brazil, 29 cases of coinfection with HIV and malaria are likely to occur in this situation, with potential interactive effects (described above). In addition, lack of recognition of potential sym ptom s of malaria by both IDUs and health professionals, in conjunction with potential non-compliance with prophylactic and treatment regim ens by IDUs, may contribute both to increased transm ission probabilities as well as to evolution of drug-resistant strains of malaria. Finally, the co-existence of very high rates of HIV and m alaria infection in developing countries, in conjunction with rapidly changing patterns of drug use, and speci® cally the self-administration of injecting drugs in a growing num ber of developing countries 2,48 suggest that the potential for transmission of malaria infection through sharing of injection equipment, and for co-infection with malaria and HIV in ID Us, may soon become relevant to other developing countries besides Brazil. In addition, m alaria is m aking a dramatic com eback worldwide due to increased travel and migration, and as such has been classi® ed as an`emerging infection' that could even intermittently affect som e regions of developed countries. 63 Migrant populations (and members of their social networks), IDUs and people living near m alaria foci should be targeted by speci® c preventive programm es highlighting both HIV/ AID S and malaria prevention, and enabling them to recognize malaria sym ptom s. Health education interventions should address the risks of primary malaria infection and the possibility of its secondary spread through the sharing of needles, syringes and other drug-injecting paraphernalia. Individuals need to be inform ed and empowered toward safe behaviours both concerning primary m alaria infection and secondary m alaria and/or HIV. Expanded access to sterile injection equipm ent through programmes of needle and syringe exchange and/or distribution, and programm es directed towards modi® cation of drug injecting/sharing practices of individuals and their networks, have a critical role to play in the control of HIV infection and other bloodborne diseases, 62, 64 including secondary m alaria.
Health professionals m ust also be alerted to the (until now, uncomm on) possibility of HIV and malaria co-infection, when consulting an IDU with fever, malaise and related symptoms. The emergence of resistant strains of Plasmodium (especially P. falciparum) could be m inim ized by health programmes incorporating outreach components and directly observed therapies, as well as timely management of m alaria relapses. 
